C hronic fibro-proliferative diseases account for B45% of all deaths in the developed world 1 . End-stage liver disease is a sine qua non of this phenomenon, as fibrosis culminating in cirrhosis is the principal cause of liver-related morbidity and mortality 2 . There are probably 'core' and 'regulatory' pathways, as well as susceptibility genes, that play a role in fibrosis evolution and they are likely aetiology independent 3 ; however, these have yet to be defined.
Liver disease develops as a consequence of any number of insults, with chronic viral hepatitis B and C (CHB and CHC) and non-alcoholic fatty liver disease (NAFLD) among the most prevalent. These three diseases therefore offer an opportunity to understand the role of genetic factors in the evolution of liver fibrosis and to determine whether they are aetiology independent.
Emerging evidence suggests that host genetics influence liver fibrosis, particularly variants in genes controlling the immune and inflammatory response pathways [4] [5] [6] . In this context, the discovery of polymorphisms (rs12979860 and rs8099917) in the interferon-l (IFN-l) region, represented a breakthrough in hepatitis C research, being the strongest host factor associated with viral clearance after IFN-based therapy [7] [8] [9] [10] . As the rs12979860 is located within intron 1 of the newly discovered IFN-l4 (IFNL4) gene 11 , rs12979860 is here referred to as an IFNL4 single-nucleotide polymorphism (SNP).
rs12979860 'responder' genotypes have been shown in several reports to be associated with greater hepatic inflammation [12] [13] [14] . However, whether rs12979860 genotype predicts liver fibrosis progression is controversial, in particular for diseases other than CHC [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . A recent study added to this controversy by demonstrating that although CHC patients with the rs12979860 CC responder genotype had greater hepatic necroinflammation and worse clinical outcomes, they had lower mean Ishak fibrosis scores, compared with those with rs12979860 CT/TT genotypes, and no association with fibrosis progression on paired biopsies 13 . These findings are hard to reconcile, as fibrosis is a consequence of hepatic inflammation 1, 22 and prospective paired biopsy cohorts clearly demonstrate that necroinflammatory grade on initial liver biopsy is the best predictor of fibrosis progression 23, 24 . A recent meta-analysis failed to resolve this conundrum, as although the authors demonstrated that rs12979860 CC and rs8099917 TT genotypes were not associated with severe inflammation in treatment-naive patients, rs12979860 CC was only weakly associated with fibrosis (P ¼ 0.04) 25 , probably reflecting the inter-study variability in the outcomes.
In the present study we sought to clarify the impact of polymorphisms in rs12979860 on the progression of liver inflammation and fibrosis in a large cohort of patients with CHC; to explore the interactions of rs12979860 genotype with host and viral factors including age, gender and viral genotype that might modulate this effect; and to explore the impact of rs12979860 genotype on liver fibrosis in other viral (CHB) and non-viral (NAFLD) liver diseases. We demonstrate that IFNL genotype is a strong predictor of hepatic inflammation and fibrosis, independent of disease aetiology, and provide evidence that this risk is modulated by clinical factors (gender, age and HCV genotype).
Results

Patient characteristics.
The study comprises 4,172 patients including 3,129 with CHC, 555 with CHB and 488 with NAFLD. The genotype distribution of the two IFNL SNPs (rs12979860 and rs8099917) was in Hardy-Weinberg equilibrium (Supplementary Table 1 ). For CHC, 3129 Caucasian patients were enroled. The baseline demographic, laboratory and histologic data are shown in Supplementary Table 2. For the CHC cohort, the median age was 44 years, 63% were male, 73% were infected with HCV genotype 1 and 14% had heavy alcohol consumption (Z50 g daily). With regard to rs12979860 genotypes, 36% of patients had CC genotype, 49% CT and 15% TT. Patients (49.4%) had significant fibrosis (Metavir score F2-4), 43.3% had moderate/severe necroinflammation (Metavir A2-A3) and 18.2% had moderate-severe steatosis.
Choice of the genetic model. The co-dominant and dominant models were similarly able to adequately address the association between rs12979860 and liver fibrosis, regardless of aetiology. The dominant model was the most appropriate, as it had the lowest Akaike information criterion (AIC) value (Supplementary  Table 3 ) Thus, all results are presented using the dominant model.
IFNL genotype hepatic inflammation and fibrosis in CHC. By multiple logistic regression analysis, Subjects with rs12979860 CC had higher necroinflammatory activity ( Fig. 1a; Table 1 . In univariate analysis, apart from rs12979860, significant fibrosis was associated with the previously reported risk factors of older age, male sex, higher body mass index (BMI), higher alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase, g-glutamyl transpeptidase (GGT), bilirubin and lower platelet counts, infection with HCV genotype 3 and with moderate-severe hepatic inflammation. In multivariate analysis, rs12979860, age, sex, AST, GGT, platelets, HCV genotype 3 and hepatic inflammation remained independently associated with significant fibrosis. Alcohol was not associated with fibrosis (Table 1) . We further investigated the association of alcohol use categorized as quintiles; this analysis also demonstrated no significant association with liver fibrosis. As data regarding alcohol intake are self-reported, the possibility of lack of standardization cannot be excluded. HCV genotype 1 was not associated with significant fibrosis (P ¼ 0.2). Further subcategorization was not feasible, owing to the small numbers with genotype 2 and 4.
Association of clinical factors with the rs12979860 genotype. As previously reported 12, 14 , patients with rs12979860 CC genotype had higher median ALT, AST, GGT, bilirubin level and lower platelet counts compared with non-CC genotypes (Po0.001 for all) at the time of liver biopsy (Supplementary Table 4 ). Patients with rs12979860CC genotype were also more likely to be infected with HCV genotype 3 than the CT and TT genotypes (51.7% versus 48.3%, OR: 1.78, 95% CI: 1.28-2.48; P ¼ 0.0001).
IFNL genotype hepatic inflammation and fibrosis progression. The baseline characteristics were similar among subjects included and not included in the fibrosis progression analysis subpopulation (that is, estimated duration of infection, n ¼ 1,312). The proportion of patients with a rapid fibrosis progression rate (FPR) (that is, higher than the median) was higher for rs12979860 CC than rs12979860 CT/TT (58% versus 42%; P ¼ 0.0001). This association remained independently predictive in a multiple logistic regression model (OR: 1.58, 95% CI: 1.26-1.99; Po0.0001; Supplementary Table 5) .
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As fibrosis progression may not be constant over time 22 and FPR assumes linearity, complementary analytical approaches were undertaken to avoid this source of bias. Using Cox proportional hazards, rs12979860 CC remained independently associated with an increased hazard of progression to significant fibrosis (adjusted hazards ratio: 1.41, 95% CI: 1.21-1.64; Po0.0001; Fig. 1c ). We additionally computed stage-specific progression rates using the Markov maximum likelihood estimation. Again, the rs12979860 genotype remained predictive of fibrosis progression (Po0.0001). Interestingly, the effect on fibrosis of the rs12979860 CC genotype was stronger at early fibrosis transitions (F0 to F1 and F1 to F2) compared with later stages (F2 to F3 and F3 to F4; Fig. 1d ).
To further confirm the association of rs12979860 genotype with fibrosis, we assessed 106 patients with paired liver biopsies. In this cohort, the median duration between biopsies was 6 years (characteristics in Supplementary Table 6 ) and there was greater progression in inflammation (Z2 points) and fibrosis (any progression and Z2 points) in the responder genotypes of both rs12979860 and rs8099917 SNPs, whereas the association with FPR and the proportion of patients with any or Z2 points fibrosis progression was significant only for rs8099917 (Supplementary Table 7 ). Overall, similar results were observed with the responder variant of rs8099917 for all analyses.
In toto, these results demonstrate that responder rs12979860 and rs8099917 genotypes are associated with increased liver fibrosis and with more rapid fibrosis progression in CHC.
Interaction of rs12979860 with fibrosis risk factors. Using stratification analysis, we examined the association of rs12979860 genotype with significant fibrosis by different known risk factors for fibrosis progression (that is, age, sex, alcohol consumption, ALT (a surrogate marker of necro-inflammation) and HCVgenotype) categories. As shown in Table 2 , the results for rs12979860 genotype were significantly more prominent in younger (o40 years) females and those with HCV genotype 3 infection compared with younger (o40 years old) males with non-genotype 3 infection. As age in general and reproductive age in females are established risk factors for fibrosis 26, 27 , we stratified the gender association according to age. Interestingly, the effect of gender was more prominent in younger (o40 years) compared with older females (OR: 2.88, 95% CI: 2.02-5.29 versus OR: 1.94, 95% CI: 1.23-3.05; P ¼ 0.01) and to a less extent in younger (o40 years) compared with older males (OR: 1.69, 95% CI: 1.27-2.26 versus OR: 1.56, 95% CI: 1.22-2.03; P ¼ 0.6 and P ¼ 0.001 for trend) (Fig. 2a) .
To further confirm this observation, we explored by stratification analyses the associations of rs12979860 genotype in the fibrosis progression sub-cohort (that is, estimated duration of infection). Overall, as reported previously, women had slower fibrosis progression than men (median FPR was 0.071 versus 0.087; P ¼ 0.01). The association of rs12979860 CC with fibrosis progression was more prominent in younger (o40 years) compared with older females and younger versus older males (P ¼ 0.001 for trend; Fig. 2b ).
In addition to the stratified analysis, there was also evidence of significant multiplicative interaction with sex and age. No statistically significant multiplicative interaction was found between rs12979860 genotype and HCV genotype 3. After allowance for multiple testing, ALT and alcohol consumption ARTICLE yielded no significant evidence of an interaction with rs12979860 genotypes (Table 2) . Lastly, we investigated the joint effect of rs12979860 genotype with age and sex. There was further evidence of interaction with sex, as males with rs12979860 CC had an increased OR for significant fibrosis (OR: 2.53, 95% CI: 2.28-2.85; OR: 1.4, 95% CI: 1.16-1.68; and OR: 1.73, 95% CI: 1.52-2.23; P ¼ 0.002 for trend), compared with the reference group (females without CC genotypes, females with CC genotypes and males without the CC genotype, respectively). Of note, the distribution of the rs12979860 SNP and the median duration of infection until time of biopsy were not significantly different between males and females.
We also demonstrated a joint effect of rs12979860 genotype and age at time of biopsy. Thus, subjects over 40 years old with rs12979860 CC had an increased OR of significant fibrosis (OR: 3.91, 95% CI: 3.13-4.9; OR: 2.35, 95% CI: 1.94-2.85; OR: 1.79, 95% CI: 1.4-2.28, respectively; Po0.0001 for trend) compared with the reference group (younger than 40 years old without CC genotype, younger than 40 years old with CC genotype and over 40 years old without the CC genotype, respectively).
Using logistic regression, a striking interaction between the rs12979860 SNP, age and gender was observed. Males over 40 years with rs12979860 CC had an increased OR for significant fibrosis (OR: 7.58, 95% CI: 5.52-9.38) compared with the reference group (female subjects younger than 40 years old with non-CC genotypes; Po0.0001). Overall, similar results were observed with rs8099917.
Taken together, the rs12979860 genotype demonstrates interactions with age and sex in mediating liver fibrosis, being more obvious in young females, but also demonstrating interaction with the classic risk factors (older age and male gender) in increasing fibrosis.
Association of rs12979860 with fibrosis in other diseases. CHB cohort. The baseline demographic, laboratory and histologic data are shown in Supplementary Table 8. After adjustment for age, ethnicity, HBV-DNA levels, liver enzymes and HBe-Ag status, rs12979860 CC was associated with hepatic inflammation (OR: 4.36, 95% CI: 2.46-7.74; Po0.0001). Likewise, rs12979860 CC was associated with severe fibrosis (OR: 2.75, 95% CI: 1.23-6.14; Po0.001; Table 3 and Fig. 3a) .
NAFLD cohort. The baseline demographic, laboratory and histologic data for this cohort are shown in Supplementary  Table 9 . To examine whether the association of rs12979860 genotypes with the histological severity of NAFLD is independent of the well-known risk factors for liver damage in NAFLD, we considered in the analysis cardio-metabolic risk factors such as diabetes, hypertension, lipid profiles and homeostasis model assessment-estimated insulin resistance (HOMA-IR).
Univariate predictors of moderate-severe liver fibrosis in NAFLD are presented in Table 4 and Fig. 3b . rs12979860 CC was associated with both portal and lobular inflammation (OR: 3.5, 95% CI: 1.81-6.61 and OR: 2.65, 95% CI: 1.5-4.68; Po0.0001 for both). By logistic regression, apart from rs12979860 CC, older age, high insulin, high blood glucose, high HOMA-IR, low platelet counts, AST, GGT, ALT, the presence of hypertension, the presence of diabetes and portal inflammation were associated with significant fibrosis. In a model excluding hepatic inflammation owing to its strong association with rs12979860 genotype, rs12979860 CC was associated with significant fibrosis (OR: 1.66, 95% CI: 1.15-2.43; P ¼ 0.006; Table 4 ). Taken together, rs12979860 genotypes associate with liver injury (hepatic inflammation) and fibrosis, independent of the known risk factors.
Discussion
The association between rs12979860 and liver fibrosis has been controversial. Herein we provide strong evidence in large cohorts and using multiple complementary approaches that rs12979860 genotype is associated with hepatic inflammation and fibrosis, irrespective of disease aetiology. We have confirmed previous data that host and viral factors modulate fibrosis risk, and now provide additional evidence for an independent role for the rs12979860 polymorphism in modulating the phenotype. Of particular interest, we can demonstrate that the genetic effects on fibrosis are maximal in young females, a group traditionally considered to have a low risk of CHC disease progression.
Using a comprehensive validation strategy (large patient cohort, a subset with estimated duration of infection and multiple analytical approaches) in both cross-sectional and longitudinal studies, rs12979860 genotype was unequivocally associated with inflammation and fibrosis stage, and with faster FPRs and fibrosis progression in paired biopsies. Consistent with the notion from other cohorts with dual liver biopsies 23, 24 that inflammation is a dominant driver of fibrosis, patients with the responder genotypes also had elevated aminotransferases and more inflammation on liver biopsy 28 . The discovery of rs12979860 genotypes as a predictor of HCV clearance represented a milestone for decisionmaking with regard to IFN-based treatment. The present data now suggest that rs12979860 genotyping is also highly informative in staging fibrosis and in predicting the rate of liver fibrosis progression.
Several studies have examined the association between rs12979860 and rs8099917 genotypes and liver histology with conflicting results [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . In most reports [12] [13] [14] 21 , the rs12979860 genotype appears to be associated with hepatic inflammation (as we have confirmed), while effects on fibrosis have been harder to demonstrate. Some studies in fact have shown no association at all or an association of the minor rs12979860 genotype TT (or rs8099917 GG) with more advanced fibrosis or cirrhosis [13] [14] [15] [16] [17] [18] . Only two studies have demonstrated an association mainly for non-genotype 1 (refs 12,19) with the rs8099917 responder genotype. A recent publication added controversy by demonstrating that although CHC patients with rs12979860 CC had greater necroinflammation and worse clinical outcomes, they had lower mean Ishak fibrosis scores, compared with those with rs12979860 CT/TT genotypes, and no difference in fibrosis progression in paired biopsies 13 .
We suggest that the principal reason for the discrepant results is the limitation of statistical power in the earlier reports. In contrast to the present study that included 43,100 patients with CHC, prior reports usually had o400 patients [15] [16] [17] . To date, the two largest reported cohorts with histology had 1,019 and 1,483 patients 12, 13 . In these, differences in patient characteristics might have additionally accounted for the variance in the results. For example, to demonstrate an effect on liver fibrosis progression, the study by Noureddin et al. 13 included individuals who had received a prior course of therapy. This might have influenced their results as a recent report based on paired biopsy analysis suggests that treatment failure might accelerate fibrosis progression in CHC 29 . Inclusion of those with treatment failure can also lead to selection bias, as patients with rs12979860 CC with milder stages of fibrosis may have preferentially responded to therapy, thereby enriching the cohort with rs12979860 non-CC subjects with more severe liver fibrosis. In the present study, all analyses only included patients that had not received prior therapy.
We demonstrated significant interactions of rs12979860 genotype with age and gender on the stage of liver fibrosis. Of interest, the influence of the rs12979860 responder genotype on fibrosis was greater in women than men. This was not due to differences in the frequencies of rs12979860 genotypes, the duration of infection or the distribution of viral genotypes or viral load. This result is to be expected given that rs12979860 genotype, as a hazard variation, would exert its effect most profoundly in individuals less likely to develop fibrosis (that is, women). In other words, women who eventually develop fibrosis are more likely to be genetically predisposed to it. Along the same vein, we have shown that the influence of the rs12979860 responder genotype on fibrosis is greater in younger than in older women. We also demonstrated that the rs12979860 genotype demonstrates synergy with the classic risk factors (older age and male gender) in increasing fibrosis. At the individual patient level, it suggests that early anti-viral treatment should be considered for those at highest genetic risk of rapid fibrosis, that is, those with rs12979860 responder genotypes. These findings also have implications for drug trials of anti-fibrotic therapies, requiring proper stratification to avoid type 2 errors, or restricting enrolment only to those at highest risk, to demonstrate an effect.
We have confirmed that HCV genotype 3 is associated with more advanced fibrosis than non-genotype 3 (ref. 30) . A recent study also indicated an approximately twofold increase in allcause mortality and Hepatocellular carcinoma (HCC) in patients with genotype 3 as compared with non-genotype 3 (ref. 31) . Interestingly, we observed that the effect of rs12979860 responder status on fibrosis stage was more profound in genotype 3. In addition, those with rs12979860 CC were more likely to be infected with genotype 3 than with non-genotype 3, as previously suggested 32 . The latter is consistent with our observation that HCV genotype 1 is associated with greater spontaneous clearance compared with non-genotype 1 (ref. 33 ). This leads us to speculate that rs12979860 genotype might play a causal role in linking reduced spontaneous clearance, accelerated fibrosis progression and increased overall mortality and HCC in genotype 3 CHC.
We observed that the effect of rs12979860 responder genotypes was more important in early (F0 to F1 and F1 to 2) rather than late (F2 to F3 and F3 to F4) fibrosis transitions. This suggests additional complexity in genetic effects. There is experimental evidence for this. Natural killer (NK) cells promote a proinflammatory milieu in the early stages of fatty liver disease 34 , and IFNL and HLA-C genotypes likewise interact to influence natural killer activity, in particular during early infection 35 . However, the validity of our observation requires verification in independent cohorts.
We have demonstrated that rs12979860 genotype influences necroinflammation and fibrosis in both CHB and in NAFLD. 
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This observation is novel and emphasizes the fact that common susceptibility genes may play a role in fibrosis evolution, independent of disease aetiology. To the best of our knowledge, ours is the first report showing that rs12979860 polymorphisms have an association with liver histology in CHB. Only two studies to our knowledge have addressed the role of rs12979860 polymorphisms in NAFLD, both contradictory 20, 21 . The cohort sizes in these reports ((n ¼ 160, showing an association with inflammation and fibrosis 21 , and n ¼ 196, showing no effect on histology 20 ) probably accounts for the divergent results. Our larger cohorts therefore help to clarify the role of rs12979860 in liver fibrosis in these conditions, in particular the context of our consistent overall story. It could be questioned as to why several apparently relevant genome-wide association study (GWAS) of HCV-and HBVrelated HCC 36, 37 , which occur in the context of cirrhosis, or others on HCV treatment outcomes in which liver histology was available [7] [8] [9] have failed to identify associations between IFN-l region genetic variants and liver fibrosis. However, this may be methodological as highlighted by recent criticisms of the utility of GWAS that focus on susceptibility to inform on other aspects of a disease 38 . For example, a recent paper in Cell, leveraging from a GWAS on susceptibility, identified a noncoding polymorphism in FOXO3A not identified by the GWAS (rs12212067: T4G) that associated with the course of, but not susceptibility to, Crohn's disease and rheumatoid arthritis, and with an increased risk of severe malaria 39 . Hence, GWAS design (for example, of susceptibility versus progression) is critical to outcome.
Recently, several functional variants have been discovered in the IFN-l region, including IFNL4. Production of the IFNL4 protein is dependent on the DG/TT (rs368234815) frameshift polymorphism 11, 40 and predicts HCV clearance better than the rs12979860 SNP. A second polymorphism in the 3 0 -untranslated region region of IFNL3 (rs4803217) affects the messenger RNA stability of IFNL3 (ref. 41) . We also identified a third polymorphism, rs4803221, which predicts Sustained virologic response (SVR) better than rs12979860 (ref. 42) . Although the role of these variants in predicting liver fibrosis is unknown, especially in non-HCV cohorts, they are in strong linkage disequilibrium (LD) with rs12979860 and, therefore, we speculate will provide similar results.
Although the mechanisms for the fibrogenic effect of rs12979860 genotypes are beyond the scope of the current work, some hypotheses can be entertained. For example, Sheahan et al. 43 recently demonstrated that in human hepatocytes (HCV infected and non-infected), cell death-and survival-related networks were the top upregulated pathway in responder rs12979860 genotype patients. In that study, donors with responder genotypes were able to generate more effective anti-viral immune responses compared with those with the non-responder genotype. Along the same vein, Raglowet et al. 44 demonstrated higher basal interferon-stimulated genes (ISGs) in non-infected livers of rs12979860 responder patients. Thus, it is possible that IFNL genotype, by activation of immune, cell death and survival responses, could on the one hand render hepatocytes more efficient at responding to infection, but on the other, drive hepatic inflammation and liver fibrosis.
In conclusion, we provide strong evidence that the IFNL genotype modulates hepatic inflammation and fibrosis. This effect is independent of disease aetiology and in the case of hepatitis C is independent of, but synergistic with, age and gender. Understanding the biological basis for these observations will be the next important step, but in the meantime our data provide an evidence base for the development of individualized patient management algorithms.
Methods
Patient cohort. The study comprises 4,172 patients, including 3,129 with CHC, 555 with CHB and 488 with NAFLD. For CHC, 3,129 Caucasian patients were from the International Hepatitis C Genetics Consortium database of chronically infected HCV patients. The International Hepatitis C Genetics Consortium included patients from 16 tertiary and academic centres from 5 countries (Australia, United Kingdom, Spain, Italy and Germany). All consecutive patients at these centres, who had a liver biopsy with scoring for fibrosis stage and disease activity before treatment between 1999 and 2011, were included. Patients were excluded if they had evidence of other liver diseases by standard tests. Additional fibrosis progression analyses were conducted in a subset of 1,312 patients from the initial cohort with an estimated duration of infection, which enabled calculation of the FPR per year. A further 106 patients with paired liver biopsies were evaluated; none in this cohort had cirrhosis at the initial biopsy and had the subsequent biopsy a minimum of 1 year and a maximum of 10 years later. The second biopsy was undertaken at the discretion of the treating clinician as part of routine clinical care and no patient had received IFN-based therapy either before the initial biopsy or between the first and second biopsies. Clinical and laboratory assessment. The following data were collected at the time of liver biopsy from all patients: sex, age, ethnicity, recruitment centre, alcohol intake, BMI and routine laboratory tests. Alcohol consumption was assessed by two separate interviews with the patient and close family members. BMI was calculated as mass divided by the square of the height (kg m À 2 ). Data on cardio-metabolic status were collected from the NAFLD cohort. The diagnosis of arterial hypertension and diabetes was according to international criteria 45 . ALT, AST, g-glutamyl transferase, prothrombin time, bilirubin, haemoglobin, leukocyte and platelet count were determined by routine laboratory techniques. After an overnight fast, venous blood was drawn to determine serum levels of triglyceride, high-density lipoprotein cholesterol, insulin and C-peptide. Serum insulin and C-peptide were determined by routine laboratory techniques. IR was determined by the HOMA method using the following equation: HOMA-IR ¼ fasting insulin (mU ml À 1 ) Â fasting plasma glucose (mmol l À 1 )/22.5.
Methods to estimate the duration of infection. Fibrosis progression was examined in 1,312 CHC patients with a reliable estimated duration of infection. For patients with a history of blood transfusion (n ¼ 371), the onset of infection was assumed to be the year of transfusion. For subjects with a history of injecting drug use (n ¼ 749), the time of infection was estimated using the reported 'first year of injection'. For patients with a history of occupational exposure (n ¼ 192), the onset of infection was assumed to be the first year of a needle stick exposure. The duration of infection was calculated by subtracting the estimated age at infection from age at biopsy.
Liver histopathology. Biopsies were interpreted by a single expert liver pathologist in each centre, who was blinded to patient clinical characteristics, serum measurements and IFNL genotyping. The interobserver agreement between pathologists was studied previously and was good for METAVIR staging using k statistics (k ¼ 77.5) 10 . All biopsies had a minimum length of 15 mm or the presence of at least 11 complete portal tracts; inadequate biopsies were excluded 46 . Liver histopathology for cases with CHC or CHB was according to METAVIR 47 . Fibrosis was staged from F0 (no fibrosis) to F4 (cirrhosis). Necroinflammation (A) was graded as A0 (absent), A1 (mild), A2 (moderate), or A3 (severe). For NAFLD, the Kleiner classification was used to compute the NAFLD activity score (from 0 to 8, on a scale including separate scores for steatosis, lobular inflammation and hepatocellular ballooning) and to stage fibrosis from 0 to 4 (ref. 48).
Genotyping. Genotyping for rs12979860 and rs8099917 SNPs was undertaken using the TaqMan SNP genotyping allelic discrimination method (Applied Biosystems, Foster City, CA, USA). The rs8099917 genotyping kit was supplied by Applied Biosystems and rs12979860 genotyping was performed using a customdesigned genotyping assay from Applied Biosystems. Genotyping was performed using the StepOne RT system and analysed with StepOne software v.2.3.0 (Applied Biosystems). All genotyping was undertaken blinded to clinical variables.
Statistical analysis. Statistical analyses were performed using the statistical software package SPSS for Windows, version 21 (SPSS, Chicago, IL), SAS version 9.1 and SAS Enterprise 9.4, unless otherwise indicated. Results are expressed as mean±s.d. or number (percentage) of patients. Student's t-tests or non-parametric tests (Mann-Whitney U-test) were used to compare quantifiable data, as appropriate. The w 2 -and Fisher's exact tests were used for comparison of frequency data and to evaluate the relationships between groups. All tests were two-tailed and P-values o0.05 were considered significant.
Multiple logistic regression models were used to assess for factors independently associated with liver injury. For this analysis, necroinflammation was dichotomized as absent/mild (Metavir score A0-A1) or moderate/severe (Metavir score A2-A3) and fibrosis as absent or mild (Metavir score F0-1), or significant (Metavir score F2-4). For the NAFLD cohort, factors independently associated was portal inflammation dichotomized as absent-mild (portal inflammation 0-1) or moderate-severe (portal inflammation 2-3), and fibrosis dichotomized as absent/ mild (F0-F1) or significant (F2-F4) was determined. The OR estimates the relative change in the rate of the outcome (significant fibrosis) per unit increase in the explanatory variable. Apart from rs12979860, the other covariates included known liver fibrosis risk factors such as age, sex, route of infection, serum HCV RNA level, HCV genotype, BMI, diabetes, the grade of METAVIR activity, alcohol consumption, liver enzymes, platelets count and recruitment centre as well. Variables with Po0.20 in univariate analyses with the outcome of interest were included in multivariate analyses.
We examined five potential genetic models that might explain the effect of rs12979860 on liver fibrosis: co-dominant, dominant, recessive, over dominant and log additive using SNPStats (http://bioinfo.iconcologia.net/index.php) 49, 50 . The Log Additive model compares major allele homozygotes versus heterozygotes versus minor allele homozygotes, presuming an r-fold risk for heterozygote subjects and a 2r-fold risk for homozygous subjects with the major allele. We investigated which model was the most appropriate by calculating the AIC values 51 . The lowest AIC is indicative of the best fit. The strength of the association between rs12979860 and significant fibrosis under each model was expressed by ORs and their corresponding 95% CIs.
The FPR in the 1,312 Caucasians patients with CHC and an estimated duration of infection was determined by calculating the ratio between the fibrosis stage and the estimated disease duration (in years). Three approaches were used to assess fibrosis progression. Patients were stratified into two groups of stage-constant FPRs according to the median rate (that is, 0.076 fibrosis units per year), which was used as a cutoff. Factors associated with rapid FPR (that is, higher than the median) were analysed by univariate and multivariate regression analysis. Two additional approaches were used to assess fibrosis progression and to confirm the results of the multivariate regression. First, an estimation of the stage-specific progression rate using a Markov maximum likelihood estimation method, as suggested by Yi et al. 52 , was applied to estimate the annual stage-specific transition probabilities (for example, F0 to F1, F1 to F2 and so on). Second, we used Cox regression analysis to model the time taken for significant fibrosis to occur. For this, after checking the normality of the quantified variables, appropriate logarithmic transformations were made. We considered estimated age at infection as the starting point and the first liver biopsy showing significant fibrosis (failure time) or the last liver biopsy showing an absence of significant fibrosis in the absence of treatment (censored time) as the end point. A Cox proportional-hazards regression model was fitted, and the covariates were considered significant if Po0.05. Multivariate adjusted analyses were used with sex, HCV genotype, age at infection, alcohol consumption, ALT and centre as covariates.
For the identification of interactions between rs12979860 genotype and known risk factors for fibrosis progression, namely age, sex, alcohol consumption, ALT (a surrogate marker of necro-inflammation) and HCV genotype, we used multiple approaches to confirm the consistency of the results. These included stratified analyses to assess whether the rs12979860 genotype OR across two levels of each of these clinical factors differed significantly: multiplicative interactions models and genotype-clinical factor joint effects 34, 35 .
For continuous variables, the cohort was divided into two groups for the comparisons: age at time of biopsy (o40 and Z40 years), ALT (o40 and Z40 IU l À 1 ), ALT (o71 and Z71 IU l À 1 ; the median of ALT in the cohort) and alcohol intake (none or o50 g daily and Z50 g daily). For the categorical variables, the cohort was categorized as: sex (male or female) and (HCV genotype 3 or HCV non-genotype 3). Likelihood ratio tests were used to test for significance of OR differences between the clinical variable categories and a P-value below 0.05 (likelihood ratio test) was used to indicate a significant interaction.
Multiplicative interaction was evaluated by fitting a multiple logistic regression model with the main effects of risk factor and genotype, plus the interaction term. This was done for each of the known risk factors.
